Take-home message: There is a contextual (indirect) effect of topical antibiotic on candidemia within studies of SDD/SOD which is similar in magnitude to the direct effect of conventional risk factors for candidemia and against which protocolized antifungal prophylaxis (PAFP) has an attenuating effect. The concurrent design studies of SDD/SOD require cautious interpretation, as the effects are inapparent in any study examined in isolation. Abstract Purpose: To estimate the direct and indirect (contextual) effects of the factorized constituents of selective digestive decontamination and selective oropharyngeal decontamination (SDD/SOD), being topical antibiotic (TA) and protocolized antifungal prophylaxis (PAFP), on ICU-acquired candidemia. Methods: A broad range of ICU candidemia incidence studies were sourced to serve as points of reference. The candidemia incidence was extracted from component (control and intervention) groups decanted from studies of various designs (concurrent or non-concurrent) and whether investigating SDD/SOD versus non-TA methods of ICU infection prevention. The candidemia incidences were summarized in regression models using generalized estimating equation (GEE) methods. Groups derived from observational studies (no prevention method under study) provided an overarching external benchmark candidemia incidence for calibration. Results: Within studies investigating SDD/SOD, the mean (and 95 % confidence interval) candidemia incidence among concurrent component groups (40 control; 2.4 %; 1.7-3.2 % and 43 intervention groups; 2.4 %; 1.6-3.1 %), but not non-concurrent control groups (11 groups; 1.6 %; 0.1-2.7 %), is higher than that of the benchmark candidemia incidence derived from 54 observational groups (1.5 %; 1.2-1.9 %). The TA constituent within SDD/SOD has significant direct and indirect (contextual) effects in GEE models even after adjusting for the publication year and the group-wide presence of either candidemia risk factors or PAFP use. Conclusion: The TA constituent of SDD/SOD is associated with a contextual effect on candidemia incidence which is similar in magnitude to that of the conventional candidemia risk factors and against which PAFP partially attenuates. This increase is inapparent within individual SDD/SOD studies examined in isolation.
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Introduction
Candidemia is acquired by approximately 1 % of prolonged stay patients in the ICU and is associated with a high attributable mortality [1] . In this patient group, the acquisition of colonization with Candida in the oropharynx and gastrointestinal tract is a key intermediary step toward the development of invasive candidiasis and candidemia [2] .
Selective digestive decontamination and selective oropharyngeal decontamination (SDD/SOD) are methods using multiple topical antibiotics (TA) for preventing bacterial colonization and infection in the ICU [3, 4] . Among the range of methods for the prevention of ventilator-associated pneumonia (VAP) and other ICUacquired infections, the evidence base for SDD/SOD appears most compelling [5] [6] [7] [8] [9] [10] .
The impact of SDD/SOD on the incidence of Candida infections is of great interest for several reasons. Firstly, antibiotic usage, both in number and duration, is a strong patient-level risk factor for the acquisition of colonization and infection with Candida [11] . Secondly, SDD/SOD commonly includes topical amphotericin as protocolized antifungal prophylaxis (PAFP) to control fungal overgrowth. While SDD/SOD appears to be effective at reducing the incidence of fungal colonization and invasive fungal infections [9, 10] , the impact of SDD/SOD on candidemia is unclear with conflicting data [4, 9, 10] . Thirdly, the possibility that SDD/SOD may have an indirect (contextual) effect on ICU-acquired infection and that a non-concurrent study was required to estimate its effect size had been postulated in the first study of SDD/SOD [3] . Several observations suggest that the TA component of SDD/SOD creates a profound contextual influence on concurrent patients within an ICU which is inapparent at the level of any single trial [12, 13] . Herd protection resulting from vaccination undertaken within a population is an example of a contextual effect. In this respect, the magnitude of this contextual effect on bacteremia [14] and pneumonia [15] incidences may be both stronger and contrary in direction to that of any direct effect of the SDD/SOD under study. Hence, the contextual effect of TA on the incidence of candidemia within the studies of SDD/ SOD warrants closer scrutiny. This estimation requires a calibration of the candidemia incidence within groups of SDD/SOD studies versus from studies of similar patient groups within the broader literature.
This meta-analysis recently appeared in part as a poster presentation [16] .
Materials and methods

Study selection and decanting of groups
The literature search and analytic approach used here follow seven steps ( Fig. 1 ; numbered arrows):
1. An electronic search of PubMed, The Cochrane database, and Google Scholar for systematic reviews containing potentially eligible studies was undertaken using the following search terms: ''ventilator associated pneumonia'', ''mechanical ventilation'', ''intensive care unit'', ''blood stream infection'', candidemia, fungal infection, ''bacteremia'', each combined with either ''meta-analysis'' or ''systematic review'' up to December 2013. 2. Systematic reviews of studies of patient populations requiring prolonged (more than 24 h) ICU admission, regardless of how prolonged had been defined, were then streamed into one of three categories: systematic reviews containing studies in which there was no study intervention for preventing ICU infections, studies with an intervention that was not TA, and studies of SDD/SOD. For the purpose of this study, SDD/SOD is defined here as the application of topical antibiotic (TA) prophylaxis to the oropharyngeal route without regard to the following: the specific TA constituents, concomitant gastric applications of TA, or the protocolized prophylaxis with either an antifungal or a parenteral antibiotic. 3. The studies were screened against the following eligibility criteria. Inclusion criteria: either candidemia or bacteremia incidence data extractable as an incidence proportion expressed using as the denominator the number of patients with a prolonged ICU stay. Exclusion criteria: studies limited to patients with the acute respiratory distress syndrome. Studies in a language other than English were included when the required data had been abstracted in an English-language systematic review. 4. A hand search was undertaken for additional studies meeting the eligibility criteria. 5. All eligible studies were then collated and any duplicate studies were removed. 6. Groups of prolonged stay patient populations from studies without an infection prevention method under study were labelled as observational groups. The studies of infection prevention were classified as follows. Among the non-TA-based methods of infection prevention are studies with a broad range of interventions. The SDD/SOD studies were further subclassified as to whether the control group was concurrent and co-located within the same ICU as the intervention group (concurrent control) or not (nonconcurrent). 7. The component groups of the intervention studies were decanted into strata of control groups and intervention groups. In this analysis, the exposure of interest is TA. Hence, among the studies of SDD/SOD, all groups that had received TA were classified as an intervention group and all groups that did not were classified as a control group regardless of how the group had been classified in the original study and whether or not PAFP was used.
Data extraction, display, and analysis
The candidemia incidence per 100 patients was extracted for each group from those studies which declared this data. However, being a rare (less than 2 %) end point, a non-report from any group could be construed as a zero event rate which would provide evidence against a contextual effect. On this basis the studies of SDD/SOD were scrutinized for any mention of the word fungal or Candida anywhere in the text or tables whether or not the candidemia incidence proportion was declared. Those SDD/SOD studies with a bacteremia incidence but for which the candidemia incidence was not declared were identified with a presumption (imputation) that the The seven numbered arrows to the right represent steps in the process as discussed in the methods; steps 1-5 refer to studies and steps 6-7 refer to component groups decanted from the studies being control (rectangles) and intervention (ovals) groups from ICU-based studies of infection prevention methods. Cohorts of ICU patients without a prevention method under study are observation groups (diamond) from which the benchmark is derived and against which the component groups were calibrated. The horizontal (blue) dotted rectangles at step 7 represent the strata of control and intervention component groups. Note, the total numbers do not tally as some systematic reviews and studies each provided studies and groups in more than one category, respectively candidemia incidence for each of these groups was zero (the base model).
Studies were identified that restricted patient inclusion to only those at high risk for candidemia on the basis of one or more of the following risk factors: use of total parenteral nutrition (TPN), major gastrointestinal surgery or gastrointestinal perforation, mechanical ventilation for longer than 7 days, colonization with candida (however this had been defined), acute pancreatitis, and liver transplantation. The group-wide use of either PAFP by any agent or route or topical placebo was identified.
Three methods were used to display and analyze the candidemia proportion data: scatter plots, caterpillar plots, and multi-level regression models using generalized estimating equation (GEE) methods [17] [18] [19] [20] . The justification for the three methods and the details of their execution are described in the Electronic Supplementary Material (ESM) as well as previously [14] .
Results
There were 103 studies of which 36 were sourced from eight systematic reviews [5-10, 21, 22] . A total of 198 groups were decanted from these 103 studies with 54 groups from observational studies (ESM Table 1 ; see Electronic Supplementary Material for additional ESM diagram, ESM tables, ESM figures, and ESM references), 36 groups from studies of various non-TA methods of infection prevention (ESM Table 2 ), and 108 groups from studies of SDD/SOD that had used either non-concurrent (ESM Table 3 ) or concurrent study designs (ESM Table 4 ) ( Table 1) .
Within 22 studies there was more than one observational, control or intervention group. In 26 studies patient inclusion was restricted to those with risk factors for candidemia. This was most common among studies of non-TA methods of infection prevention with 7 of 17 studies so restricted. Most SDD/SOD studies were published between 1985 and 2000 and most were European in origin ( Fig. 2 ; Table 1 ).
Within six SDD/SOD studies there were four control groups that received an antifungal routinely and five SDD/SOD intervention groups that received an SDD/ SOD regimen not containing an antifungal. The incidence of bacteremia was higher among the SDD/SOD control groups from studies with a concurrent design than the observational groups (Table 1) .
Candidemia
Among the 54 observational groups, the mean candidemia incidence proportion was 1.5 % (1.2-1.9) overall. This is the candidemia benchmark. The mean candidemia incidence proportion among the observational groups with versus without candidemia risk factors was 3.3 % (2.3-4.7) versus 1.0 % (0.8-1.2), respectively (ESM Fig. 1) . The group-level impact of candidemia risk factors and year of publication (Fig. 2) on the candidemia incidence were each significant although European origin was not ( Table 2 ). The mean candidemia incidence proportions among the control groups and also the intervention groups of concurrent design SDD/SOD studies were each higher than the benchmark.
There is an asymmetrical distribution within scatter plots of candidemia incidence for all categories of component group (Fig. 3) . This asymmetry is a consequence of a shift to the right among both the control and intervention (Table 1 footnotes p and q) component groups of the concurrent control design studies of SDD/SOD with the candidemia incidence being greater than 1.5 % for 19 of 23 of such non-zero component groups ( Fig. 3 and ESM Figs. 5, 6) .
The effects of membership of the various categories of component group together with the effect of group-wide exposures to other factors were examined ( Table 2 ). The effects of membership of either a control or an intervention group of a concurrent control design SDD/SOD study were each significant, positive, and similar in magnitude to that of the negative effect of group-wide exposure to amphotericin and also to that of the significant positive effect of candidemia risk factors used as patient inclusion criteria ( Table 2) .
The above findings were robust to the following sensitivity tests. Firstly, the base model was repeated using only those intervention studies that had been listed in systematic reviews. Also, as a test for the effect of possible missing SDD/SOD component groups from within the benchmark range, the base model was repeated with all component groups from studies of non-TA methods arbitrarily reclassified as the putative 'missing' groups. With these sensitivity tests, the recalculated coefficients were similar and specifically those associated with membership of a component group of a concurrent design SDD/SOD study remained significant and positive (Table 2, footnotes).
Discussion
The findings here from a meta-analysis of candidemia incidence in a broad range of component groups from the literature indicate that there is a contextual (indirect) effect of topical antibiotic within studies of SDD/SOD which is similar in magnitude to the direct effect of conventional risk factors for candidemia and against which protocolized antifungal prophylaxis (PAFP) has an attenuating effect.
The effect of TA as used within SDD/SOD regimens on the incidence of candidemia and invasive candidiasis is of great interest for several reasons. Two recent systematic reviews of randomized concurrent controlled trials have shown that SDD/SOD appears to be protective against yeast colonization [9, 10] . In this regard, the protection obtained with SDD/SOD appears to outperform that obtained by using prophylaxis with azole antifungals in this patient group [10] . Also, SDD/SOD appears to protect against invasive fungal infection [9, 10] and possibly even mortality [10] .
On the other hand, SDD/SOD protection against candidemia was not evident in the largest such trial undertaken to date [4] . This trial is notable as being intentionally non-concurrent in design in order to avoid any possible contextual effect on the study outcome.
Moreover, SDD/SOD may have complex ecological effects on the microbiome within the ICU and clarifying the nature and direction of these effects is crucial in defining the role of SDD/SOD going forward [23] . That there are both concurrent and non-concurrent studies of SDD/SOD, that the TA and PAFP constituents within SDD/SOD are each variously constituted, that there are studies of infection prevention methods other than SDD/ SOD in this patient group, and that there are observational studies provides a natural experiment with which to test for compound effects of the topical antibiotic and PAFP constituents of SDD/SOD using methods as used in the analysis of cluster randomized trials to test for possible herd effects as found in vaccine trials [13, 15] . There are several challenges and potential study limitations in undertaking the analysis here. Estimating the contextual effects within studies requires a calibration of the observed incidence amongst the component groups of these studies versus an external reference or benchmark range. The benchmark range used here was derived using 54 groups from 36 observational studies. Secondly, candidemia is a rare event. Many studies, especially if small, will have a zero incidence of candidemia but a non-trivial upper 95 % confidence limit which can be approximated by the ''rule of three'' [24] . For example, the upper 95 % confidence interval for a group of size N = 60 with zero events can be approximated by the ''rule of three'' as 5 % (=3/N) [24] . Alternately, researchers may have studied a higher-risk population through the use of candidemia risk factors as a basis for patient inclusion [25] . This practice is common among studies of antifungal prophylaxis in these ICU patient populations. The prevalence of these risk factors in a typical ICU may be as low as 10 %, but amongst patients having these risk factors the candidemia incidence is up to fourfold higher [26, 27] . Indeed, in this analysis, the use of candidemia risk factors as criteria for patient inclusion accounts for a 1.6 % (0.8-2.4 %) higher candidema incidence versus the reference group (Table 2) . However, adjusting for the group-level presence of various candidemia risk factors in the regression models was not able to explain the higher incidence of candidemia within the studies of SDD/SOD. Moreover, the relative magnitudes of the effect size for the grouplevel presence of various candidemia risk factors and that of the contextual effect of TA were similar. Thirdly, being a rare outcome, studies of SDD/SOD without a specific report of candidemia incidence should not be dismissed. It should be noted that the majority of the SDD/SOD studies with concurrent control design had less than 50 patients per group and given an expected candidemia incidence of approximately 1 %, a zero event rate would not be unusual. Hence, an important sensitivity analysis undertaken here includes several studies of SDD/SOD which did not declare a candidemia incidence. However, the inclusion of 17 such component groups from among the SDD/SOD studies into the analysis with a presumption that the candidemia incidence in each was zero does not alter the conclusions (Table 2 ). This presumption of zero incidence would be a ''best case scenario'' in considering whether or not Candida infection rates might have been inflated by a TA-induced contextual effect.
The literature has been searched and the data extracted by a single author. There remains the possibility that there may be several unpublished or missing studies of SDD/ SOD with an incidence of candidemia within the benchmark range that would alter the findings here. As a sensitivity test to this contingency, the component groups from 17 studies of non-TA methods were used as a source of such ''missing'' studies and were arbitrarily reclassified as component groups of concurrent control SDD/SOD studies. However, the findings in this sensitivity test remain as before.
Of note, the studies included here include all those from the systematic reviews of SDD/SOD studies on fungal colonization and infection which had each demonstrated significant relative risk or odds ratios [9, 10] . Only with calibration is it possible to consider whether these significant ratios represent a relative increase in incidence among the control groups or a relative decrease among the intervention groups. The findings here are broadly consistent with these significant ratios but favor the former inference. Finally, the group-level analysis undertaken here is unable to take account of patient-specific risk factors. For example, the empiric use of antifungal therapies in each study is an important unknown. The empiric use of antifungals, whether as non-protocolized prophylaxis or as therapy, may counteract any vulnerability to candidemia at the individual level. A further limitation is the uncertain impact of observer blinding. The effect of observer . Note that studies that used candidemia risk factors as a basis for patient selection are not shown and the y-axis is a logit scale blinding may be confounded by the separate effect of topical placebo in this context [28] .
The impacts of known risk factors for candidemia are well established and increase risk by as much as fourfold [26, 27] . While, the possible impact of additional unmeasured and unknown patient-level risk factors for candidemia here remains uncertain, it is unlikely that such unidentified patient-level risk factors would be able to account for the discrepancies noted here. Such a putative patient-level risk factor would need to be at least as strong as the known risk factors for candidemia as identified here and consistently so across all the studies and yet also be profoundly unevenly distributed, predominating in the component groups of the concurrent control SDD/SOD studies versus the other groups.
Candidemia incidence increased with publication year among the groups of the observational studies examined here. Increases in the occurrence of candidemia over a similar time period has also been reported for Dutch [29] , US [30] , Parisian [31] , Brazilian [32] , and Italian centers [33] . It remains unclear whether this increase is attributable to changes in recognition, increasing sensitivity of culture methods, emergence of non-albicans Candida, changes in patient populations, or represents a true increase in incidence. In any case, the high incidence within the component groups of the SDD/SOD studies is not explicable by this time trend.
It remains to be determined how the compound effects of SDD/SOD may be mediated. Most invasive infections caused by Candida in the ICU are thought to originate from endogenous flora by translocation [2] and colonization is a key risk factor [34] . The relative importance of origin from cross transmission is uncertain and this requires detailed typing to detect [35] [36] [37] . The importance In the base model, group-wide presence of a candidemia risk factor accounts for a 1.6 % (0.8-2.4 %) higher candidema incidence versus the reference group j The co-efficient for year of publication represents the increment in logit for each year after 1985 which in the base model equates to a 0.3 % (0.05-0.6 %) increase per decade k In the base model, using a topical placebo accounts for a 0.9 % (-0.1 to 1.8 %) higher candidema incidence versus the reference group of cross transmission likely varies for different institutions, different time periods, different patient groups, and for non-albicans Candida.
Presumably the TA within SDD/SOD alters the microbiome of the entire ICU, as was postulated in the first study of SDD, whereas topical amphotericin appears to attenuate this process. Of note, complete Candida decolonization using topical amphotericin is difficult to achieve [38, 39] . Regarding the impact of SDD/SOD on the time course of decolonization within Candida-colonized patients receiving MV, decolonization was achieved in only 62 % [38] to 65 % [39] of patients.
The impacts of contextual effects within the ICU on patient outcome are an area of emerging interest. These cannot be estimated within a single-center study [40] .
Conclusion
The topical antibiotic and antifungal constituents of SDD/ SOD have compound, concurrent, and contextual effects on the incidence of candidemia in the ICU. The results of individual studies require cautious interpretation. The observations in aggregate here add to other paradoxical observations in relation to the incidences of bacteremia and VAP among the SDD/SOD studies which also imply a broad contextual effect of TA as had originally been postulated [3] . The PAFP component of SDD/SOD partially attenuates the contextual effect of TA on candidemia.
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